Abstract
Introduction
Roughly every sort of data holds noise. Noise reduction is an essential step for any complicated algorithms in computer vision and image processing. This problem has survived for a long time and still there is no proper solution for it. There exists a tradeoff between the removed noise and the blurring in the image [1] . An image is mostly degraded by noise in its acquisition and transmission [2] . The challenge of eliminating noise from images, and the other major problem of reconstructing a signal that has been degraded in a certain way have a strong history. Substantial researches are present for general approaches, and also for particular domains where knowledge about the nature of the signal is employed to customize or tune the estimation process. In spite of the presence of existing research, CT Image Denoising Technique using GA aided Window-based Multiwavelet Transformation and Thresholding with the Incorporation of an Effective Quality Enhancement Method Prof. Syed Amjad Ali, Dr. Srinivasan Vathsal and Dr. K. Lal kishore 76 there is a gap between the introduction of modern denoising methods, and their broad implementation outside of very specific applications [3] . The recovery of an image is possible by image denoising. Image denoising is defined as the method of obtaining the original image from a tainted image by means of noise degradation [4] . Image denoising is employed to eliminate the additive noise while preserving the vital signal features [2] . Over the years, several methods have been developed and detailed in literature for denoising [10] . The Image denoising methods can be categorized as spatial domain methods or transform domain methods. The transform domain methods convert an image from the spatial domain into wavelet domain or frequency domain and suppress noise in the transform domain. But in the case of spatial domain methods, the noise is suppressed within the spatial domain [5] . Several researchers have proposed hybrid filters for image denoising in the last few years. Kai U. Barthel et al. (2004) introduced a hybrid wavelet-fractal denoising method. By employing a non subsampled overcomplete wavelet transform, image is denoted as a set of translation invariant copies in different frequency subbands [6] .
The applications of Image denoising are noticed in the fields of medical imaging and preprocessing for computer vision [7] . The ultimate goal of medical imaging is to acquire a high resolution image with necessary details for the diagnosis purpose [15] . Commonly, Medical images possess poor contrast and complex types of noise because of several transmission, acquisitions, and storage and display devices. Consequently, it becomes complicated to recommend a robust method for noise removal that works better for diverse modalities of medical images. In the last decade, a number of novel methods have materialized for eliminating Gaussian random noise from medical images [8] . There are numerous medical imaging techniques namely the MR and the CT techniques. Both techniques provide unique advanced characteristics of the organ which has to be imaged [15] .
Medical images obtained from Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) are among the most general tools for diagnosis. The existence of noise not only generates unwanted visual quality but also lessens the visibility of low-contrast objects. In Medical Imaging, CT is considered as a common and major modality. CT is employed in clinical diagnosis and computeraided surgery [9] . In the case of CT, many mathematical applications can be used to conclude whether the normal tissue has been infected by the mutations of the cancer cells through diagnosis. The improvement in image quality of the CT images leads to a proper diagnosis of the defects. Various methods have been introduced for improving the quality of the CT images.
A general methodology for improving the quality of CT images for diagnosis purpose based on edge detection using unsharp filter is proposed in this paper. A denoised image is taken as input for analyzing the efficient operation of the proposed method. First the X and Y gradients of the image are obtained as a result of applying gradient function to the image. The two components are subjected to edge detection separately and the visibility of the image is being improved. A micro block set is obtained from the denoised image, which is then sharpened by applying unsharp filter to it. The micro block set obtained as output from the unsharp filter is subjected to Gaussian filtering thus resulting in a smoothened image. The smoothened image is thus converted into a sharper image that makes diagnosis process easier. The proposed method is a better compromising one between noise smoothing and edge orientation, that results in the retrieval of a sharper image for diagnosis purpose.
The rest of the paper is organized as follows. Section 2 reviews the related works with respect to the proposed method. Section 3 gives a brief explanation about the CT image denoising technique using window-based multi-wavelet transformation and thresholding. Section 4 presents the proposed Quality enhancement technique which is elaborated in its subsections. Section 5 discusses about the implementation results and section 6 concludes the paper.
Related works
Literature presents with a copious number of researches based on wavelet transformation for the noise removal in medical images. Several researches in the literature are based on. Some recent and significant researches are briefly reviewed in this section.
Zhao Yu-qian et al. [11] have introduced a basic mathematical morphological theory and operations, and a novel mathematical morphological edge detection algorithm was proposed to detect the edge of International Journal of Digital Content Technology and its Applications Volume 4, Number 4, July 2010 77 lungs CT image with salt-and-pepper noise. The experimental results showed that the proposed algorithm was more efficient for medical image denoising and edge detection than the usually used template-based edge detection algorithms and general morphological edge detection algorithms. The effect of various noise reduction filters on computed tomography (CT) images has been analysed by Lanzolla et al. [12] .Based on the combination of Gaussian and Prewitt operators they have bestowed a denoising filter. Experimental values have proved that their presented technique has permitted to utilize low radiation dose protocol in CT examinations as well as enhanced the image quality. Their formulation was conceded out in combination with "G.Moscati" Hospital of Taranto (Italy) which presented all the images and technical materials engaged in the proposed algorithm. Binggang Ye and Xiao-ming Wu [20] have directed that the previous exposure of undersized hepatocellular carcinoma (SHCC) has important clinic value, and wavelet denoising arithmetic research of SHCC CT image which is based on image processing technology that facilitate to diagnose the SHCC focus. Their contribution has minimized the figures and eradicated the weak or irrelated coefficient of noise of SHCC CT image in synchronization with the wavelet coefficient correlation and at last detached the noise.
Skiadopoulos et al. [13] have conceded away a relative revise among a multi-scale platelet denoising method and the genuine Butterworth filter that has exercised as pre-and post-processing modules on image reconstruction. The assessment was achieved with and/or without attenuation correction. Assessable estimation was implemented by via 1) a cardiac phantom containing a pair of various size cold defects, bestowed in two trials performed to replicate circumstances with and without photon attenuation from myocardial surrounding tissue and 2) a pilot-verified clinical dataset of 15 patients with ischemic defects. In addition, on the basis of rankings from two nuclear medicine clinicians, an observer preference study was administered for the clinical dataset. Denoising by platelet and Butterworth post-processing methods overwhelmed Butterworth pre-processing for large size defects, devoid of photon attenuation conditions. On the contrary, for the small size defects and with photon attenuation conditions, whole of the methods have demonstrated equal denoising performance. Guangming Zhang et al. [14] have proposed an enhanced technique for CT medical image de-noising that bestowed autonomous component analysis and dynamic fuzzy theory. At first, a random matrix was formed to split the CT image for evaluation. Afterward, dynamic fuzzy theory was practicaed to set up a sequence of adaptive membership functions to generate the weights degree of truth. At last, the weights degree was applied to optimize the value of matrix for image reconstruction. Following their model, helps the selection of matrix to be optimized scientifically and self-adaptively.
F. E. Ali et al. [15] have presented a curvelet based approach for the fusion of magnetic resonance (MR) and computed tomography (CT) images. The objective of the fusion of an MR image and a CT image of the same organ was to obtain a single image containing as much information as possible about that organ for diagnosis. Some attempts made are proposed for the fusion of MR and CT images using the wavelet transform. Since medical images have several objects and curved shapes, it was expected that the curvelet transform would be better in their fusion. The simulation results show the superiority of the curvelet transform to the wavelet transform in the fusion of MR and CT images from both the visual quality and the peak signal to noise ratio (PSNR) points of view.
Derek LG Hill and David J Hawkes [16] have presented a new algorithm based on surface fitting that makes use of anatomical knowledge of adjacency of identified anatomical structures to solve the 3D rigid body registration problem. The algorithm has been applied to the registration of MR CT and vascular images of the head, and has achieved accuracies similar to those obtained using interactive location of corresponding landmarks. The algorithm presented by them potentially provided a means of automating the registration process for many applications. Anatomical knowledge combined with the use of registered reference images provided a means of customising the algorithm for particular clinical applications. They have shown how it could be done with MR, CT and angiographic images.
A wavelet based structure-preserving method was proposed by Borsdorf et al. [17] for noise reduction in CT images which could be utilized mutually with different reconstruction methods. Their technique was based on the deduction that the data may perhaps be decomposed into information and temporally uncorrelated noise. The investigation of correlations among the wavelet representations of the input images endowed isolating information from noise down to a definite signal-to-noise level. Wavelet coefficients with undersized correlation were minimized, at the same time those with high correlations were subjected to indicate structures and are conserved. The crucial noise-suppressed CT Image Denoising Technique using GA aided Window-based Multiwavelet Transformation and Thresholding with the Incorporation of an Effective Quality Enhancement Method Prof. Syed Amjad Ali, Dr. Srinivasan Vathsal and Dr. K. Lal kishore 78 image was regenerated from the averaged and weighted wavelet coefficients of the input images. The magnitude as well as efficiency estimation on phantom and genuine clinical data adduced that high noise reduction rates of around 40% may perhaps be attained without substantial loss of image resolution.
The denoising technique for CT images using window-based multi-wavelet transformation and thresholding
In the CT image denoising technique, which consists of three diverse processing stages, namely, window-based multi-wavelet transformation and thresholding, reconstruction, we add in a quality enhancement technique that improves the quality of the image in medical viewpoint. The denoising is carried out on the basis of Window-based multi-wavelet transformation and thresholding [18] . By applying the noisy image to the three processing stages sequentially, noise is successfully removed and the quality of the image is improved. [18] . The GA-based window selection methodology is described below.
GA-based Window Selection Methodology for Denoising the CT image: The methodology is made more effective by executing the mutation operation of the GA, adaptively. At first, in the methodology, the chromosomes are generated as follows
where, il R} { is the th l chromosome generated to acquire windows that are closer to the th i window of the original noisy image. A fitness function is designed to choose if the chromosomes generated are fit to survive or not. The fitness function employed for reference is given in Eq. (4)
A double point crossover is chosen to carry out the crossover operation of the chromosomes. In the double point crossover, two crossover points were chosen to meet a crossover rate of CR . The resultant output (children chromosomes) is applied to mutation, where, the mutation points are acquired (more detailed in [18] ) as
A population pool is produced because of the mutation operation, and was filled up by the selected best initial chromosomes and new children chromosomes acquired through mutation. After the termination of the methodology, ' , and the further denosing process is performed [18] . From every th k window that corresponds to the th i window, the elements of similar position are subjected for CL multi-wavelet transformation that can be given as Reconstructing the original image: The method for reconstructing the original image is given below [18]  Two zero matrices, namely, count matrix 1 Z and weight matrix 2 Z , both of size N M  are generated. 
Proposed Quality Enhancement method for the Denoised CT Image
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Here, a method for enhancing the quality of the CT images is being proposed. The proposed quality enhancement method improves the quality of the denoised CT image n D in the perspective of medical diagnosis. Most of the noisy components are removed from the image leaving it with the visibility of the components under suspicion. This necessitates the incorporation of quality enhancement method in the CT image denoising technique. The incorporated quality enhancement method has to improve the SNR of the CT image in a satisfactory level as well as in the perspective of clinical diagnosis. This can be accomplished in the proposed quality enhancement technique by performing the operations in two stages, namely, detecting the edges of the CT images and by improving the sharpness of the image. The process is initiated by applying gradient to the denoised CT image and then the further processes are done. They are detailed in the further sub-sections.
Obtaining Gradients for the CT Image
The process of image quality enhancement is initiated with performing the gradient operation for the denoised CT image n D . By providing the direction of the largest possible raise from light to dark and the rate of change in that direction, Gradients at each pixel in the denoised image are determined. This assists the operator, to compute the gradient of the image intensity at each point. The gained results thus reveal that the image varies "unexpectedly" or " flatly" at that point and hence it is liable. That specific portion of the image denotes an edge, and the orientation of edge likely to occur within this. Practically, rather than the direction calculation it is easy and more consistent to infer the magnitude (likelihood of an edge) calculation. The gradient of the image   y x D n , at the location (x, y) is given by the two dimensional column
where, X G and Y G are the gradients in the Y X  directions respectively. The outcome gradient components X G and Y G of this operation are then subjected to edge detection for distinguishing the edges in the image so that the unwanted areas of the image that doesn't contain any useful information can be discarded from computation of the process.
Edge Detection of the gradient images using Canny Edge detection Algorithm
Edge detection serves as a source of tool, utilized in majority of the image processing fields, to attain information from the frames, as an initial procedure for feature extraction and object detection. The above mentioned technique draws outline of the object and boundaries among various objects and the background in the image [18] . Here, it can be accomplished by detecting the changes in the grayscale intensity level of the images and marking the pixels that have a higher intensity level as edges. For the process of edge detection, canny edge detection algorithm is used. The general steps for canny edge detection algorithm are given as follows.
Canny Edge Detection Algorithm: The Canny algorithm [19] basically finds edges where the grayscale intensity of the image changes the most. These areas are found by determining gradients of the image. The algorithm runs in 5 separate steps: 
Generation of the Quality Enhanced CT Image from the Microblock
The required output image should be obtained such that the visibility of the organs present in the image should be improved for clinical diagnosis purpose. The edges of the image are clearly plotted with the help of Canny algorithm and the microblock set generated from the edge oriented image are subjected to unsharp filter and Gaussian filter for the purpose of sharpening and smoothening the image and thus the quality of the CT image is improved. The process of sharping and smoothing the image are explained in the following sections.
Image Sharpening By Unsharp Filter
The use of this step is to translate the "blurred" edges in the image of the gradient magnitudes to "sharp" edges. In general, this is performed by safeguarding all local maxima in the gradient image, and eradicating the whole thing as well. The provided algorithm is for every pixel in the gradient image: 3. If the edge strength of the existing pixel reaches peak then conserve the value of the edge strength. Else, hold back (i.e. remove) the value.
Principally this operation is performed by passing the image through an unsharp filter. The unsharp filter is a simple sharpening operator which obtains its name from the fact that it improves edges (and other high frequency components in an image) via a process which takes away an unsharp, or smoothed, version of an image from the original image. Unsharp filter creates a two-dimensional filter h of the specified type. The unsharpening function is given as ) , 
Image Smoothening By Gaussian Filter
The resultant image when subjected to unsharp filtering is more clear and the visibility of the image is improved to an extend such that the image is now more fit for diagnosis purpose. In order to increase the quality of the image, it is passed through Gaussian filter which reduces the sharpness of the image and the quality of the image is improved. The transfer function of Gaussian filter used in this process is given in Eq. (18) where, x is the distance from the origin in the horizontal axis, y is the distance from the origin in the vertical axis, and  is the standard deviation of the Gaussian distribution. The process is repeated for both the images and the required edge detected images. The required quality enhanced image is obtained by fusing the denoised CT image with the edge detected images retrieved from the Gaussian filter. The quality enhanced image thus obtained is well appropriate for clinical diagnosis purpose.
Implementation Results
The proposed method has been implemented in the working platform of MATLAB (version 7.8). The AWGN corrupted CT image is denoised using the proposed denosing based on the multi-wavelet transformation and thresholding and the denoised image is given in Figure. To verify the efficiency of the proposed method the CT images of various organs are provided as input to the method with different levels of AWGN noise added to them. PSNR values for the quality enhanced image and the input image are obtained and a comparison between the PSNR values of the noisy image and the quality enhanced image are given in Table I . The implementation results have shown that the proposed quality enhancement, which has been incorporated with the denoising technique using window-based multi-wavelet transformation and thresholding, performed well in enhancing the CT image quality in medical perspective.
Conclusion
A quality enhancement methodology for the CT image denoising technique using window-based multi-wavelet transformation and thresholding was proposed in this paper. Firstly, we have denoised the CT image using window-based multi-wavelet transformation and thresholding. In the denoising technique, we have selected the closer windows using GA. Then, the quality of the denoised image has International Journal of Digital Content Technology and its Applications Volume 4, Number 4, July 2010 85 been enhanced in terms of medical perspective. The quality enhancement based on edge detection of the CT image has been performed using Canny edge detection algorithm. The new technique has the advantages of enhancing the quality of the denoised image and preserving important features and organ surfaces well. The implementation results show that the noise is removed efficiently and the particular information is well preserved; meanwhile, the whole visual quality is improved. From the obtained results, it can be seen that the proposed quality enhancing method effectively improves the quality of the CT images based on the filtering techniques. It can also be visualized that the quality enhancing technique has effectively improved the quality of the CT image. The resultant images of the proposed method are in good quality that assists for accurate clinical diagnosis and also for other medical imaging applications.
